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We have previously reported newMtv loci,Mtv-48 and -51, in the Japanese laboratory mouse strains CS and
NC. Here we show by backcross analysis that bothMtv-48 and -51 cosegregate with very slow deletion of T cells
bearing Vb 2. The nucleotide sequences of the open reading frames in the 3* long terminal repeats of Mtv-48
and -51 were very similar to those of Mtv-DDO, mouse mammary tumor virus C4 [MMTV(C4)], and
MMTV(BALB/cV), which encode Vb 2-specific superantigens. Furthermore, backcross female mice carrying
Mtv-48 but notMtv-51 were found to be able to produce milk-borne MMTV(CS), which can vigorously stimulate
Vb 2-expressing T cells after local injection in vivo in an I-E-dependent manner. On the other hand, mice
carrying Mtv-51 but not Mtv-48 could not produce such an MMTV in milk. The nucleotide sequences of
MMTV(CS) open reading frame were completely matched with those ofMtv-48. These results indicate that the
provirusMtv-48 but notMtv-51 is capable of producing a milk-borne virus of which the superantigen stimulates
Vb 2-expressing T cells.

Mouse mammary tumor virus (MMTV), which belongs to a
family of milk-borne type B retroviruses, is responsible for the
induction and transmission of mammary carcinomas in mice
(12). Endogenous mouse mammary tumor viruses (Mtv provi-
ruses) are integrated in the germline of all inbred mouse
strains and most wild mice (22). In almost all the inbred mouse
strains,Mtv proviruses are scattered on different chromosomes
and heterogeneously distributed from one strain to another.
Recently, it has been proved that the open reading frame
(ORF) in the 39 long terminal repeat (LTR) of Mtv encodes a
superantigen that leads to in vivo deletion and in vitro stimu-
lation of T cells bearing particular Vb gene products (2, 5, 17,
18). In vitro translation studies indicate that the Mtv ORF
product is a type II transmembrane molecule in which the
COOH terminus is extracellular (6, 19, 21), and comparison of
amino acid sequences of Mtv ORFs and gene transfection
experiments with chimeric Mtv ORFs reveal that the COOH
terminus is responsible for the Vb specificity of superantigens
(2, 5, 34). Studies with transgenic mice show that absence of
the superantigen-reactive T cells interrupts exogenous MMTV
transmission from infected mothers to their offspring via milk,
indicating a biological role of superantigens in infection with
MMTV (9–11).
Almost all the endogenous Mtv proviruses have undergone

mutations which cause defects in their biological activity and
therefore cannot produce infectious (exogenous) MMTV (27).
Only a few Mtv proviruses have been identified to be able to
produce infectious MMTV. MMTV(GR) encoding Vb 14-
specific superantigen is thought to be derived fromMtv-2 (4, 8,

24, 31). MMTV(SHN) is from Mtv-4 and encodes deletion
ligand for Vb 7, 8.1-3 T cells (23).
We have previously reported new Mtv loci, Mtv-48 and -51,

in the Japanese laboratory mouse strains CS and NC (32, 33).
The inbred CS (H-2b) and NC strains were provided by the
Institute for Laboratory Animal Research, Nagoya University
School of Medicine. The CS strain was established by cross-
breeding of the S-II strain with the NBC strain (20, 29), which
carriesMtv-3, -6, -8, -17, -46, -48, -49, -50, and -51 (32, 33). The
NC strain was established by crossbreeding with strains of
Japanese pet mouse origin (7, 14, 26) carrying Mtv-3, -8, -13,
-17, -48, -50, and -51 (33). In the present study, we have found
by backcross analysis that the very slow deletion of T cells
bearing Vb 2 cosegregates with both Mtv-48 and -51. The
COOH termini of Mtv-48 and -51 are very similar to those of
Mtv-DDO, MMTV(C4), and MMTV(BALB/cV), which can
encode Vb 2-specific superantigens (13, 15, 16, 28). Further-
more, we have found that milk from backcross mice carrying
Mtv-48 but not those carrying Mtv-51 contains milk-borne
MMTV(CS) which can vigorously stimulate Vb 2-expressing T
cells after local injection in vivo in an I-E-dependent manner.
Comparison with ORF sequences of Mtv-48 and MMTV(CS)
strongly suggested that Mtv-48 should produce a milk-borne
MMTV.
To address the question of whether Mtv-48 and Mtv-51 en-

code deletion ligands for certain Vb-expressing T cells, we first
examined the Vb repertoire in CD41 lymph node (LN) cells in
(BALB/c 3 NC)F1 and (BALB/c 3 CS)F1 mice by flow cyto-
metric analysis. LN cells or peripheral blood lymphocytes (106)
were stained in one step with a mixture of fluorescein isothio-
cyanate-labeled anti-TcR Vb antibody and phycoerythrin-con-
jugated anti-CD4. All samples were analyzed on a FACScan
cell sorter (Becton Dickinson, Mountain View, Calif.) by using
Lysis II software. Dead cells were excluded by means of for-
ward and side scatter. As shown in Fig. 1, because of the
presence ofMtv-6, -8, and -9 derived from BALB/c andMtv-50
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derived from NC or CS, which encode deletion ligands for Vb
3, Vb 5, Vb 11, or Vb 61 CD41 T cells, these T cells were
deleted in the periphery well before mice were 6 weeks old.
The proportion of Vb 21 CD41 T cells did not change until
the mice reached about 10 weeks of age, but the clonal deletion
of Vb 21 CD41 T cells was nearly completed by the time mice
were 6 months of age. On the contrary, numbers of Vb 141

CD41 T cells increased gradually as a result of compensation.
Thus, Vb 21 CD41 T cells were found to be deleted, albeit
with very slow kinetics, in (BALB/c 3 NC)F1 and (BALB/c 3
CS)F1 mice.
Next we examined the Vb repertoire in CD41 LN cells in

BALB/c 3 (BALB/c 3 NC)F1 backcross mice (B3BNC) and
BALB/c 3 (BALB/c 3 CS)F1 backcross mice (B3BCS) .6
months old by flow cytometric analysis.Mtv-48 was detected as
a 3.4-kb EcoRI fragment hybridizing with an MMTV envelope
probe, and Mtv-51 was detected as a 5.8-kb PvuII fragment
hybridizing with an MMTV LTR probe (Fig. 2). Representa-
tive data on flow cytometric analysis of peripheral lymphocytes
of B3BNC and B3BCS are shown in Table 1 and Table 2,
respectively. Of 57 mice, 25 mice carrying Mtv-48 or Mtv-51
had low levels of Vb 21 T cells (0.24 to 3.77%), whereas 32
mice carrying neither Mtv-48 nor Mtv-51 had high levels of Vb
21 T cells (5.88 to 16.74%). Thus, there was a cosegregation
between mice having low levels of Vb 21 CD41 T cells and
those carrying Mtv-48 or Mtv-51, while mice having high levels
of Vb 21 CD41 T cells carried neither Mtv-48 nor Mtv-51.
Taken together, these results suggest that both Mtv-48 and
Mtv-51 govern the deletion of T cells bearing Vb 2, similar to
the situation with Mtv-DDO (15).

FIG. 1. Kinetics of Vb repertoire of peripheral CD41 T cells in (BALB/c 3
CS)F1 mice. T cells were isolated from the LN of (BALB/c 3 CS)F1 mice at the
indicated time points after birth and tested for TcR Vb expression among CD41

T cells by using a FACScan cell sorter (Becton Dickinson). Shaded squares
indicate the proportion of Vb 21 T cells in CD41 T cells, open squares indicate
that of Vb 31 T cells, shaded circles indicate that of Vb 51 T cells, open circles
indicate that of Vb 61 T cells, shaded triangles indicate that of Vb 111 T cells,
and open triangles indicate that of Vb 141 T cells. The data are expressed as
means and standard deviations (error bars) for three mice.

FIG. 2. Southern blot analysis ofMtv-48 andMtv-51 segregation in B3BCS mice. The DNA (10 mg) was digested with EcoRI or PvuII, separated by electrophoresis
in a 0.5% agarose gel, and then transferred to GeneScreen Plus membranes (Dupont, Boston, Mass.). The membranes were hybridized with a 32P-labeled env or LTR
probe in hybridization buffer containing 23 SSC (13 SSC is 0.15 M NaCl plus 0.015 M sodium citrate), 0.5% sodium dodecyl sulfate, 100 mg of salmon sperm DNA
per ml, and 33 Denhardt’s solution at 458C overnight. Bound probe was detected by using the Fujix BAS 2000 Image Analyzing System (Fuji Photo Film Co., Tokyo,
Japan). (A) EcoRI-digested DNA, hybridized with env probe; (B) PvuII-digested DNA, hybridized with LTR probe.
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The injection of milk into adult mice enables the direct
monitoring of events that follow virus challenge. Within a few
days of injection of milk into the footpad, a proliferative re-
sponse of the superantigen-reactive CD41 T cells occurs in the
draining LN, followed by selective deletion of the relevant
CD41 T cells in the peripheral blood (1). We bred B3BCS and
collected milk fromMtv-48- orMtv-51-positive females orMtv-
48- or Mtv-51-negative females previously described (28). Pu-
rified viruses from milk of B3BCS mice were injected into the
hind footpads of adult BALB/c (H-2d) and B6 (H-2b) mice.
Four days later, vigorous expansion of Vb 21 CD41 T cells in
the popliteal LN in BALB/c mice was evident when B3BCS
milk from Mtv-48-positive females was injected (P , 0.01). In
contrast, such an increase was not evident when milk from

Mtv-51-positive but Mtv-48-negative females was injected (Fig.
3). On the other hand, in B6 mice Vb 21 CD41 T cells never
expanded after injection of mice with milk from Mtv-48-posi-
tive females. Vb 21 CD41 T cells were selectively deleted over
2 weeks in the peripheral blood of BALB/c mice injected with
the viruses. In contrast, the proportion of Vb 21 CD41 T cells
did not alter after mice were injected with milk from Mtv-51-
positive but Mtv-48-negative females. Deletion of Vb 21 T
cells did not occur in B6 mice, even after injection with milk
from Mtv-48-positive females (data not shown). Thus, it would
appear that only mice carrying Mtv-48 can release Vb 2-spe-
cific exogenous MMTV into the milk and that mice carrying

TABLE 1. Linkage between endogenous Mtv loci and TcR Vb
repertoire in B3BNC mice

Mouse strain
Mtv locusa % Indicated Vb in CD41 T cellsb

48 51 Vb 2 Vb 8.2

BALB/c 2 2 6.68 6 0.58 13.81 6 1.71
NC 1 1 0.77 6 0.21 Gene deleted
BALB/c 3 NC 1 1 0.55 6 0.12 9.66 6 0.65
B3BNC 2 1 1 0.68 11.03
B3BNC 3 2 2 5.88 14.45
B3BNC 4 2 2 7.98 13.78
B3BNC 5 2 2 7.72 16.87
B3BNC 6 1 1 1.31 12.49
B3BNC 7 1 1 0.24 15.11
B3BNC 8 2 1 1.23 18.41
B3BNC 10 1 2 1.31 16.11
B3BNC 11 1 2 1.34 11.98
B3BNC 13 1 2 1.22 12.46
B3BNC 15 1 2 0.97 11.06
B3BNC 16 1 2 1.28 12.67
B3BNC 17 1 2 0.97 11.69

a 2, absent; 1, present.
b The data are expressed as means and standard deviations for five mice for

BALB/c, NC, and BALB/c 3 NC mice. Other Mtv genotypes are described in
reference 33. Boldface indicates significantly decreased percentages.

TABLE 2. Linkage between endogenous Mtv loci and TcR Vb repertoire in B3BCS mice

Mouse strain
Mtv locusa % Indicated Vb in CD41 T cellsb

3 6 8 9 17 46 48 49 50 51 Vb 2 Vb 14

BALB/c 2 1 1 1 2 2 2 2 2 2 6.68 6 0.58 10.32 6 0.22
CS (I-E2) 1 1 1 2 1 1 1 1 1 1 9.14 6 0.24 16.98 6 0.12
BALB/c 3 CS 1 1 1 1 1 1 1 1 1 1 2.07 6 0.54 16.89 6 0.07
B3BCS 1 1 1 1 1 1 2 1 2 1 2 2.01 15.08
B3BCS 2 2 1 1 1 2 2 2 2 1 1 1.94 16.22
B3BCS 3 2 1 1 1 2 1 2 1 1 2 15.36 15.66
B3BCS 4 1 1 1 1 2 2 2 1 1 1 1.02 16.16
B3BCS 5 2 1 1 1 2 1 1 2 2 1 3.15 16.73
B3BCS 6 1 1 1 1 1 2 2 1 2 2 14.36 8.02
B3BCS 7 1 1 1 1 2 1 2 2 2 2 16.74 12.59
B3BCS 8 2 1 1 1 2 2 2 2 2 1 2.45 9.65
B3BCS 9 1 1 1 1 2 1 2 1 1 1 3.77 13.12
B3BCS 10 2 1 1 1 1 1 2 2 2 2 15.30 13.26
B3BCS 11 2 1 1 1 1 2 2 1 2 2 11.40 8.83
B3BCS 12 1 1 1 1 2 2 2 1 2 2 11.06 8.71
B3BCS 13 2 1 1 1 1 1 1 2 2 2 2.37 13.79
B3BCS 14 1 1 1 1 2 1 2 2 2 2 15.70 8.11
B3BCS 15 2 1 1 1 2 1 2 1 2 2 12.75 9.49

a 2, absent; 1, present.
b The data are expressed as means and standard deviations for three to five mice for BALB/c, CS, and BALB/c 3 CS mice. Boldface indicates significantly decreased

percentages.

FIG. 3. Expansion of Vb 21 CD41 T cells in adult BALB/c mice injected
with MMTV(CS). Adult BALB/c or B6 mice were injected in the hind footpad
with 30 ml of partially purified viruses or phosphate-buffered saline (PBS) as a
control. Four days later, the popliteal LNs were isolated and analyzed with a
FACScan cell sorter (Becton Dickinson). Shown are results for milk from Mtv-
48-positive, Mtv-51-negative females (■); Mtv-48-negative, Mtv-51-positive fe-
males (u); and Mtv-48-negative, Mtv-51-negative females (o) and PBS as a
control (h). The data are expressed as means and standard deviations (error
bars) for three mice. The statistical significance of the data was determined by
the paired Student’s t test. An asterisk indicates significant difference from the
control value (P , 0.01).
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only Mtv-51 do not release Vb 2-specific exogenous MMTV
into the milk. Furthermore, it is suggested that Vb 2-specific
superantigen encoded by Mtv-48 is strictly dependent on I-E
molecules for superantigen activity, unlike superantigen en-
coded by Mtv-DDO (15).
In order to confirm that Vb 2-specific exogenous MMTV in

the milk is derived from endogenous Mtv-48, we compared the
nucleotide sequences of the ORFs of Mtv-48 and Mtv-51 with
those of milk-derived virus from B3BCS [MMTV(CS)]. The
genomic DNA was digested with EcoRI or PvuII. The EcoRI-
digested 3.4-kb fragment corresponding in size to the Mtv-48
ORF and the PvuII-digested 5.8-kb fragment corresponding in
size to the Mtv-51 ORF were isolated on a low-melting-point
agarose gel (33). The DNAs were amplified by PCR with the 59
oligonucleotide Mtv common primer ATGCCGCGCCTGCA
GCAGA (positions 1 to 19) and the 39 oligonucleotide Mtv
common primer AAGTCAGGAAACCACTTGT (positions
1061 to 1080), selected from the ORF conserved region (3).
On the other hand, the cDNA from milk-derived MMTV was
amplified with common Mtv LTR sense and antisense primers
in 13 PCR buffer under the PCR conditions of 948C for 1 min,
458C for 2 min, and 728C for 3 min for 30 cycles. The PCR
products were size fractionated in 1% agarose gels, cloned into
the pCR II vector (TA cloning kit; Invitrogen Co., San Diego,
Calif.), and sequenced by using the Taq dye primer cycle se-
quencing kit (Applied Biosystems Inc., Foster City, Calif.). The
nucleotide sequences of Mtv-48, Mtv-51, and MMTV(CS) are
available from EMBL, GenBank, and DDBJ under accession
number D49536. Sequence comparison revealed that the
Mtv-48 ORF was completely identical to the MMTV(CS)
ORF. However, the Mtv-51 ORF has a 2-nucleotide replace-
ment. The peptide amino acid sequences of MMTV(CS) were
compared with those of other Mtv ORF products specific for
Vb 2. As shown in Fig. 4, in the region of the COOH terminus
the MMTV(CS) ORF product has a high degree of homology
to sequences of recently reported Mtv-DDO, MMTV(C4),
MMTV(C3H-K), and MMTV(BALB/cV) ORF products (15,
16, 28). Over a stretch of 20 amino acids, there were only a few

substitutions. On the other hand, the COOH terminus was very
divergent from otherMtvORF sequences previously published
(data not shown) (30). The COOH terminus of these Vb 2-spe-
cific MMTV ORF sequences apparently helps to determine
the key residues for TcR Vb.
Many of the endogenous Mtv proviruses, as well as exoge-

nous MMTV, require major histocompatibility complex class
II I-E expression for clonal deletion and stimulation of their
superantigen-reactive T cells. The MMTV(CS) strain we de-
scribe here strictly requires I-E expression for clonal deletion
and stimulation, as do MMTV(C3H) and MMTV(GR) (1, 8).
On the other hand, Mtv-DDO, MMTV(BALB/cV), and
MMTV(C4) do not depend on I-E expression for clonal dele-
tion and stimulation (13, 15, 28). Mtv-DDO induced vigorous
stimulation and fast kinetics of clonal deletion, whereas
MMTV(CS) induced vigorous stimulation and very slow kinet-
ics of clonal deletion. The difference in kinetics of clonal de-
letion of Vb 21 T cells in mice carrying Mtv-48 or Mtv-51 and
in mice carrying Mtv-DDO may be partially explained by their
different I-E dependencies. Previous reports have proposed
that strong superantigens do not depend on major histocom-
patibility complex class II I-E expression for clonal deletion
and stimulation and that kinetics of clonal deletion are corre-
lated with the extent of superantigen activity (1). However,
MMTV(CS) showed a strong superantigen activity with very
slow kinetics of clonal deletion in an I-E-dependent manner,
like MMTV(SHN), which showed a strong superantigen activ-
ity with slow kinetics of clonal deletion in an I-E-independent
manner (23). Therefore, the extent of superantigen activity
may not be correlated with I-E dependency or kinetics of
clonal deletion. We have previously reported that ontogenical
expression of the Mtv ORF in the thymus differs among Mtv
proviruses (25). Therefore, the quantities of the superantigens
expressed in the thymus and in the periphery may be differently
regulated in Mtv-48, Mtv-51, and Mtv-DDO mice.
MMTV is transmitted from infected mothers to their off-

spring via milk or by Mendel’s law as an endogenousMtv which
is integrated in the germline (27). Almost all the endogenous
Mtv proviruses have undergone mutations which resulted in
loss of the ability to produce infectious viral particles (27).
Comparison of the two completeMtv sequences may provide a
clue to the cause of the different biological activities of Mtv-48
and -51 in the production of a milk-borne MMTV.
In conclusion, we have identified newMtv-48 andMtv-51 loci

encoding a deletion ligand for Vb 2.Mtv-48 but notMtv-51 can
produce milk-borne MMTV(CS), which vigorously stimulates
Vb 21 T cells after local injection in vivo in an I-E-dependent
manner.
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